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ABSTRACT 
Electron microscopic study of the capillary bed of the human scalp follicle has 
revealed fenestrated capillaries in the dermal papilla and in the connective tissue 
heath about the follicle. These capillaries are similar to those seen in endocrine or-
gan , gut, and a variety of other sites. Their presence and orientation are related 
to the epithelium and it is suggested this relationship is more than one of simple 
increa ed poro ity. Fenestrated capillaries have been reported elsewhere in the human 
dermi and can be considered a specialized part of the microcirculation of this area. 
Electron microscopy of the microvasculature of 
the normal human dermis has revealed capil-
laries with a continuou , either high ( 1) or at-
tenuated, endothelium but without fenestrations 
or other discontinuities in the endothelium. In 
other organ , function-related specializations oc-
cur. The e may be either gaps between the en-
dothelial cells, such as the sinuses of the liver 
and spleen, or apertures or fenestrations through 
the cytopla m in visceral organs such as en-
docrine tissues, gut and kidney. Parakkal (2) 
demon trated fenestrated capillaries in the der-
mal papilla of the hair follicles of the guinea pig 
but electron microscopic investigations of hu-
man hair follicles have not included studies of 
the vessels. The pre ent investigation was un-
dertaken to relate Parakkal's findings to the 
human calp follicle. 
MATERIALS AND METHODS 
Scalp tissue were obtained under general anes-
thesia from patients undergoing a variety of neuro-
surgical procedures. The patients were all adults 
and only anagen hairs were examined. Individual 
follicles were dissected out and fixed for four hours 
at 4o C. in 4% biologic grade glutaraldehyde 
(Glut.) or paraformaldehyde (Para.) (3) both in 
phosphate buffers. The tissues were then washed 
overnight in phosphate buffer and post-fixed in 
barbital buffered 1% osmium tetraoxide for one 
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hour at 4 o C. The tissues were then embedded 
vertically in Epon and cut horizontally at various 
levels, usually at 100 micron intervals. Sections 
were cut with glass knives on an Ultratome 111, 
stained with uranyl acetate and lead citrate and 
examined in a Phillips 200 Electron Microscope at 
60 KV. Forty-five hairs from seven individuals 
were studied. 
OBSERVATIONS 
Fenestrations were seen in capillaries in rela-
tionship to all the hairs studied and observa-
tions from different individuals were similar. 
Capillaries were seen in the minority of dermal 
papillae in the present study, either by electron 
microscopy or light microscopic study of thick 
sections. The papillary capillaries (Fig. 1) had a 
high endothelium and a few fenestrations oc-
curred in attenuated areas, which were com-
monly involved in complex cell folds. 
A rich capillary bed occurred in the con-
nective tissue surrounding the follicle and fenes-
t rations were seen in vessels close to the follicle. 
They were not seen in vessels more than 150 
microns from the bulb, although closed vessels 
at the outer level were continuous with fenes-
trated one closer to the follicle. The capillaries 
were usually collapsed in a dense connective 
tissue stroma but those that were opened showed 
the typical configuration seen in other organs 
(Fig. 2). The fenestrations occurred in groups 
separated from other group by ridges of en-
dothelium and occurred more commonly on the 
follicular side of the vessel, but not exclusively 
so. They averaged 460 A diameter and were uni-
formly closed by a 40 A membrane apparently 
formed by fusion of the two outer laminae of 
the unit membrane (Fig. 3). The closing mem-
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Fra. 1. Capillary in dermal papilla. The endothelium is high and reduces the lumen to 
a slit (L). Fenestrations occur in complex areas (arrow). Basement membrane (b.m.) is 
multilayered with many fibroblast dendrites (F). Para. plus Osmium fixation. X 10,500 
Marker: 1.0 micron. 
FIG. 2. Fenestrated capillary in connective tissue surrounding the follicle. L: lumen; 
P: pericyte; arrow: fenestrations. Para plus Osmium. X 10,200 Marker: 1.0 micron. 
Fra. 3. Wall of fenestrated vessel showing symmetrical unit membrane and fenestrations. 
L: lumen; b.m.: basement membrane. Para plus Osmium. X 88,000 Marker: 0.1 micron. 
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Fra. 4. Fenestrated capillary associated with Arrector Pilorum Muscle (M). L: lumen; 
Arrow : fenestrations . Para. plus Osmium. X 12 300 Marker: 1.0 micron. 
Fra. 5. Fenestrated capillary from nail bed. L.: lumen; Arrows: fenestrations; Glut. plu 0 mium. X 15,200 Marker: 1.0. 
brane wa smooth and 'traiaht and a central 
knob wa not observed. The unit membrane of 
the feneNtrated endothelium was more symmetri-
cal than tha ob erved in other vessels studied 
with these technique . 
In sectionina up the follicle, fenestrated ves-
sels lay in clo e proximity to the follicle until 
the level of attachment of the arrector pilorum 
muscle. At this level fenestrated vessels occurred 
farther from the follicle in a sociation with the 
muscle (Fig. 4) and sweat alands. Fenestrations 
were not obnerved above this level nor in a. so-
ciation ·with ebaceous alands. 
DISC SSION 
Fene trated capillaries have now been ob-
served in a variety of anatomical ites other than 
their cla sical occurrence, including dermis of 
newborn infant ( 4) scalp, synovium (5) , con-
nective tis ues (6), tongue (7, 8, 9) and enamel 
organ (10). Ludatscher (11) has also found 
them a prominent feature in senile angiomata. 
Macher (12) has ob erved fenestrated capil-
larie in the skin in experimental edema and in-
fl ammations in man and rats but they have not 
been empha ized in other studies of inflamma-
tions. Leventhal and associates ( 4) found 15-
35 o of capillaries in the dermi of the heel of 
newborn contained fenestration . The propor-
tion of vessel containing fenestration appeared 
to be increased by later cord clampina but this 
did not ignificantly increase the number of 
fenestrations per ves el. Fene trations occurred 
relatively uncommonly in their vessels and av-
eraged 3-5 per vessel section. I have seen sim-
ilar ve el in the di tal digits of adult (Fig. 5) 
and once from the abdominal skin of an adult, 
o this is not imply an age related phenomenon. 
The vessel seen around the follicle in this 
tudy conformed to the usual arranaement seen 
in other organs (13 , 6, 14, 15) and fenestrations 
were more common than Leventhal ( 4) aw in 
the dermis. The ves els of the dermal papilla, 
howe er, are unique, as they have a high en-
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dothelium with fenestrations occurring in small 
segments. The significance of a high endothelium 
in the dermis or other sites has not been estab-
lished ( 1) and it is difficult to know if these ves-
els have any specialized function. 
Fenestrated vessels have been considered to 
be more permeable or porous than the usual 
clo ed capillaries seen in the skin and their oc-
currence in specialized sites is related to the de-
mands of increased metabolism, exchange of sol-
ute , etc. Clementi and Palade (16) have studied 
the permeability of fenestrated capillaries in the 
gut of mice using peroxidase and ferritin as 
tracers. They suggest that the fenestrations are 
the site of both the small 90 A, and the larger 
500 A pores po tulated by physiologist . How-
ever, all the fenestrations did not readily pass 
he 100 A ferritin tracer. 
Con idering the diverse site in which fenes-
trated Yessels occur, it seems hazardous to as-
cribe specialized function to adjacent tissues 
imply becau e of the presence of fenestrated 
,.e sel ~ . HoweYer, their occurrence relative to a 
ingle epithelial structure in the scalp is of in-
terest. Papillary vessel were not a regular fea-
ture in the pre ent ntudy and are absent in some 
species (1'"' ). Hence it seems unlikely that fenes-
trations occur here in response to a need for a 
hiO'h Yolume exchanO'e mechanism. In the con-
necti,·e tissue surrounding the follicle the pres-
ence of fenestration appears to be determined 
by interrelationship with the epithelium. Suter 
(5) observed orientation of the fenestrations to-
ward the ynoYial lining similar to the orienta-
tion tO\ntrd the follicle. However, their con-
tinued appearance above the area of rapid pro-
liferation and synthesis, and farther from the 
follicle, "·ould uO'gest that they are not occur-
ring only in response to the obvious metabolic 
need of the proliferating follicle. In these sites 
fenestrated capillaries may be appearing as a 
relatively non-specialized form of the usual 
clo ed capillary, o curring in re ponse to some 
tisnue timulu . Alternately, they may be an ex-
tremely selectiYe delivery system allowing pa -
, nO'e of orne a yet unidentified complex. In 
future ntudies of vascular permeability, the der-
ffil hould be considered as a site of fenestrated 
capillaries, perhaps allowing ((large pore perme-
ability" . 
The author wishes to acknowledge the techni-
cal assistance of Miss Janet Gribben and the co-
operation of the British Columbia Cancer Insti-
tute for the use of their electron microscope. 
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